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A consideration of alternative phenomena has been undertaken as a next logical step in 
the continuing development of a finite element model of wave-defect interactions [1.2]. 
Preliminary investigation indicates that obtaining the requisite empirical data offers serious 
challenges and the current study has therefore focused on the necessity of introducing 
explicit alternative components into the existing algorithm. A brief review of attenuative 
processes is provided as a means of considering numerical modeling approaches. An axi-
symmetric finite element algorithm is subsequently introduced and evaluated with 
experimentally obtained data. The algorithm's three-dimensional nature facilitates such an 
evaluation and represents a significant step in the development of a quantitatively accurate 
model of wave-defect interactions. Conclusions are then made about the types of materials 
for which this simple elastic model is adequate. 
MODELING ATTENUATION PROCESSES 
The attenuation of vibrational energy is characterized by physical processes associated 
with scattering. absorption. and geometric dispersion. Each of these requires a different 
modeling approach and must therefore be considered individually. 
Scattering is caused by a re-orientation and mode conversion of acoustic energy at 
microstructural interfaces and plays a major damping role in materials for which 
microstructure dimensions and interrogation wavelength are of the same order [3). A 
variety of mechanisms contribute to this phenomenon. For example. Rayleigh. phase. and 
diffusion scattering and attenuation curves for a number of materials have been generated 
to provide empirical characterizations [4.5]. Efforts have also been made to develop a 
generalized scattering model but the task is complicated by the nurober of parameters 
which must be quantified and the range of application of any such model is necessarily 
restricted [6.7.8]. Homogeneausmaterials however. (in particular those with grain size 
small relative to the energy wavelength) do not support significant scattering. It is this 
type of idealized viscoelastic media for which numerical modeling of attenuative 
phenomena shows the most promise. 
Energy absorption. the second major attenuation mechanism. is primarily 
characterized by irreversible thermal processes [9.10]. A major contributor. for example. is 
thermoelastic attenuation due to conduction between alternating compression and 
rarefaction regions in L-waves. Another important source ofthermal attenuation is the 
Akhieser mechanism. which occurs when a propagating wave front disturbs the equilibrium 
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distribution of thermally excited acoustic waves. or phonons. These and most other 
absorption phenomena are viscous in nature and can thus be lump modeled by a simple 
Voigt dashpot [11]. The associated modification to Hooke's law results in 
where T = stress 
S = strain 
C = elastic. constant tensor 
I= 1.6; J = 1.6 
(1) 
and T)u represents a set of empirically determined viscosity constants. Though conceptually 
straight forward. this first order approximation of viscous damping required that T)u be 
obtained empirically. The requisite parametersrangein number from two to twenty-one. 
depending on the degree of anisotropy in the medium being considered [11]. The modeling 
of viscoelastic phenomena is then like scattering characterizations. experimentally 
challenging since such data is not readily available. 
The final and simplest contribution to wave attenuation is the geometric dispersion 
that occurs naturally as a non-planar wave front propagates. For examples. the attenuation 
corresponding to a spherical wave front in isotropic media is proportional to the distance 
traveled and point source dispersion in anisotropic media can be analyzed via slowness 
diagrams [12]. In an axi-symmetric finite element code. this type of attenuation is 
accounted for implicitly and there exist common industrial materials for which other forms 
of attenuation are negligibly small. Thus the elastic wave algorithm developed. accurately 
models wave-defect interactions in components fabricated from these materials. 
AXI-SYMMETRIC FINITE ELEMENT ALGORITHM 
The elastic wave equation in isotropic. homogeneaus media can be written as 
where U = displacement vector 
,\, Jl. = Lame constants 
p = density 
This equation can be expressed in cylindrical coordinates as 
a a ·· 
a Ur.rr + b U,,zz + c Uz.rz + r U,,,- ;r Ur = pUr 
• . c b .. 
a Uzzz + b u.,, + c U,,. +- U,z +- u., = pUz 
· · · r · r · 
where a = ,\ + 2JL 
b=JL 
C=A+JL 
and restrictions of axi-symmetry have been applied: 
~ = o. Ua= o. 
In tensor notation. these eq~ations reduce to 
'V·T = pÜ 
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(2) 
(3) 
(4) 
(5) 
wbere 
[_Q_+_!_] 0 a -1 (Jr r az r 
'iJ· = 
0 a [_Q_+_!_] 0 az (Jr r 
(6) 
(]' rr X+ 2~ X 0 X Err 
(]' zz X X+ 2~ 0 X Ezz 
T= =E-s= (7) (]' rz 0 0 ~ 0 Erz 
aoo X X 0 X+ 2~ Eoo 
a 
(Jr 0 
Err 
0 a Ezz az Ur 
S= =AU (8) 
Erz a a uz 
az (Jr 
Eoo 
1 0 
r 
Relating eiemental displacement fields by nodal values and shape functions. N. and 
minimizing the system energy functional results in 
KU+MU=F 
where U is the nodal displacement field and 
M = j j pNTN r drdz 
F = j fNds 
The remaining solution procedure is identical tothat previously reported for the 
two-dimensional formulation and yields a numerical algorithm which can be verified 
experimentally. 
NUMERICAL DAT A GENERATION 
(9) 
(10) 
(11) 
(12) 
The axi-symmetric finite element algorithm has been utilized to generate attenuation 
profiles for two types of excitation sources and these were subsequently compared to 
experimental data. The first test models a normal point source as an approximation to an 
ideal Huygen radiator. As previously noted. a spherically radiating source is characterized 
by a geometric attenuation proportional to the distance from the source. The normal point 
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The comparison of the finite element result with theoretical ( 1/r) curve with 
point source excitation. 
source dispersion should thus approximate such behavior using an excitation signal given by 
cos(wy)[l-cos(wy/3)]. An attenuation profilewas made and is shown in Figure 1. where it 
is compared to a plot of the idealized 1/ r behavior. As expected. the agreement is very 
good. with a somewhat lower numerical dispersion attributable to the non-ideal point 
source. 
The second data set generated is for an excitation source of finite aperture. A Vz" 
diameter, 1 MHzL-wave transducer was n 1deled as having a uniform energy distribution 
of the sameform as for the point source. In order to make an accurate comparison with 
experimental measurements. the through-signal data was subjected to a 1h" diameter spatial 
averaging. The resulting dispersion profile is amenable to comparison with experimental 
attenuation data and can be used to evaluate the seriousness of an elastic wave assumption 
for certain materials. 
EXPERIMENT AL DAT A GENERATION 
Experimental measurements of attenuation were taken utilizing the apparatus 
illustrated in Figure 2 with the relevant material parameters and equipment specifications 
listed in Table 1. As indicated, a series of five aluminum blocks were used to evaluate 
signal attenuation. The block faces were polished and transducers were held at constant 
pressure using force-sensitive arms. This technique. and subsequent data normalization, 
obviate the need to evaluate reflection coefficients for each measurement [13]. 
The numerical and experimental finite aperture attenuation profiles are plotted 
tagether in Figure 3. The agreement is quite good and indicates that attenuation in the 
aluminum blocks is characterized primarily by geometric dispersion. This is by no means a 
new conclusion but. by extension. implies that the finite element code is able to accurately 
model the complete physical process associated with uhrasonie material interrogation for 
this type of material. 
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Table 1. Specimen Parameters and Instrument Specifications 
Aluminum Parameters 
6061-P651: tempered. three-quarter hard. stress relieved density: 2.71 gmlcm3. 
V L = 6.35 X 105 cm I sec. V s == 3.21 X 1 05 cm I sec wa vespeed varia tion along 
principal axes < 0.1% polished surfaces: 600 grit wet paper. 
L-wave Transducers 
Transmit: Parametries V103 Videoscan 
Receive: Parametries A103S Acuscan 
-- both transducers have lMHz center frequency and 112" diameter elements. 
Pulser/ 
Receiver 
Fig 2. 
EXPERIMENTAL APPARATUS 
Oscilloscope 
Digitizer 
VAX 11/780 
The illustration of experiment setup. 
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Fig 3. The comparison of the numerical and experimental results with finite aperture 
transducer. 
CONCLUSION 
A preliminary study has been undertaken to investigate the nature of attenuation 
processes and the feasibility of modeling them numerically. While scattering and 
absorption models require formidable empirical data sets. simple geometric dispersion is 
accounted for implicitly in a recently developed finite element code. For low viscosity 
materials with microstructure dimensions that aresmall with respect to interrogation 
wavelength, this axi-symmetric code provides a complete and quantitative characterization 
of realistic wave-defect interactions. 
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